analyses of most human myeloid leukemias at diagnosis (GMT mice), and their normal littermate controls, were infected reveal that they remain growth factor-dependent and respon- The experiments reported here were undertaken to deter-
agent known to induce leukemia, 23 would be able to generate myeloid tumors in the context of excess GM-CSF. We further sought to document and characterize the phenotype of leuIntroduction kemic cells developing in such mice. The myeloid leukemias that developed were capable of differentiation to neutrophils, Recently, in addition to its established effects on granulocytes macrophages and eosinophils as well as displaying features of and macrophages, GM-CSF has been demonstrated to be an dendritic cells. The occurrence of such leukemias in GM-CSF important regulator of the immune response. This has been transgenic (GMT) mice further implicates GM-CSF as an highlighted in experiments examining tumor immunotherapy important element in their pathogenesis. and in studies of mice nullizygous for either GM-CSF or the ␤ common chain of its receptor. [1] [2] [3] [4] [5] In the mutant mice, a characteristic pulmonary pathology develops including Materials and methods opportunistic infections and alveolar proteinosis. The abnormalities in pulmonary homeostasis are due, at least in part, to
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the inappropriate modulation of resident dendritic cells and macrophages: GM-CSF plays a critical role in controlling the Mice transgenic for GM-CSF (GMT mice) and their normal antigen presenting ability of pulmonary dendritic cells. 6, 7 In littermates were produced as previously described by mating studies of tumor rejection, GM-CSF overexpression by neo-(C57BL/6×SJL)F 1 with DBA/2 mice. 19, 24 Eight litters of mice plastic cells can stimulate a potent anti-tumor response -prewere infected within 12 h of birth by intraperitoneal injection sumably also mediated via its action on antigen presenting (50 l) of 5 × 10 5 plaque-forming units of MoMLV (filtered cells.
jected to full histological examination. Diseased organs (v/v) Triton X-100, 0.1% (v/v) sodium citrate and 50 g/ml propidium iodide. (typically spleen or thymus) were harvested into DME containing 10% (v/v) newborn calf serum (NCS) at 4°C. Cells dispersed from mouse organs were analyzed by flow cytometry and immunofluorescence staining, liquid culture and cytospin
Cytogenetic analysis
preparation stained by May-Grünwald-Giemsa as detailed below.
Cells were harvested and stained using a published G-banding technique. 30 Ten metaphase cells were photographed and analyzed in detail.
Derivation and characterization of cell lines

In vitro response to cytokines and growth factor
Spleens from four GMT mice with leukemia were placed into assays DME containing 10% NCS (v/v) and dispersed through a sieve. Cells (10 5 /ml) were then cultured in DME containing 10% Clonal DGM36 cells (see Results) were stimulated with single NCS and 50 M 2-mercaptoethanol in the presence of normal growth factors or combinations including: recombinant rat saline, recombinant purified murine GM-CSF produced in stem cell factor (SCF, 100 ng/ml; Amgen, Thousand Oaks, CA, yeast (10 ng/ml, final concentration), recombinant murine IL-USA); recombinant human granulocyte-CSF (G-CSF, 10 ng/ml; 3 (10 ng/ml, final concentration; PeproTech, Rocky Hill, NJ, Amgen); recombinant murine macrophage-CSF (M-CSF, USA), or 10% (v/v) pokeweed mitogen-stimulated spleen-100 ng/ml); recombinant murine GM-CSF (100 ng/ml); recomconditioned medium (SCM).
26 Non-adherent cells were subbinant murine IL-3 (100 ng/ml, PeproTech); recombinant cultured weekly to maintain a cell concentration of 10 5 /ml murine IL-6 (500 ng/ml, PeproTech); and conditioned medium in a fully humidified atmosphere containing 10% CO 2 in air.
containing IL-5 (1000 U/ml) kindly provided by Dr D Vaux, Continuous passage of these cells was maintained until clonal Melbourne, Australia (all final concentrations). All growth faccell lines were able to be derived or the cells became tors were used at supramaximal stimulatory concentrations extinguished in crisis.
where 50 U/ml was defined as the stimulus required for half Replicate cytocentrifuge preparations of cell lines were maximal colony number.
26
stained for naphthol AS-D chloroacetate esterase and ␣-naphConditioned media from clonal cell lines were assayed for thyl acetate esterase (Sigma Diagnostics, St Louis, MO, USA), the presence of GM-CSF or IL-3. Cells were washed, incumyeloperoxidase, leukocyte acid phosphatase, periodic acid bated in the absence of growth factors until Ͼ50% were nonSchiff and Alcian blue using published procedures. 27 Transviable and the supernatant collected, according to our premission electron microscopy was performed as described. 28 viously published method. 31 Specificity of bioactivity was In vitro phagocytosis assays were performed using 2.74 m confirmed by neutralizing monoclonal antibodies to murine diameter Fluoresbrite carboxylate microspheres (Polysciences, GM-CSF or IL-3 (Genzyme, Cambridge, MA, USA). In Warrington, PA, USA). Cells (5 × 10 4 /ml) were incubated in addition, reverse transcriptase-polymerase chain reaction (RTliquid culture containing GM-CSF and microspheres (5 × PCR) was performed to detect very low level expression of 10 5 /ml) for 18 h followed by gentle centrifugation through a GM-CSF and IL-3, as published.
31
NCS cushion. Phagocytosis was quantified by counting the Agar culture was performed using cells maintained in susnumber of beads per cell in 300 consecutive cells prepared on pension culture at several time-points during passage to detercytospin slides stained using Diff-Quick (Lab-Aids, Narabeen, mine clonogenic potential and derive further clonal sublines, Australia). Cells were scored positive for phagocytosis if the as described. 24 Colony formation was scored using a dissecnumber of microspheres exceeded two per cell. tion microscope, after incubation of cultures at 37°C for 7 days. Fixed cultures were stained for acetylcholinesterase, then with Luxol Fast Blue and hematoxylin (BDH Chemicals,
Flow immunophenotypic analyses
Kilsyth, Australia). Colony and cell morphology was assessed at magnifications of × 100 or 400. Surface antigen expression was determined by direct or indirect immunofluorescence staining and flow cytometry on a FACScan (Becton Dickinson, San José, CA, USA) using Southern analysis monoclonal antibodies against: CD3 (145-2C11); CD4 (GK1.5); CD8 (53-6.7); CD21 (76G); CD22 (2D6); CD23 Genomic DNA was extracted from exponentially growing cells using a guanidine HCl protocol. 32 DNA was digested (B3B4); CD43 (S7); CD44/Pgp-1 (IM7.81); CD45/Ly5.2 (ALI-4A2); thy1.2 (30H12); TCRab (H57-697.1); TCRgd (GL3-1A);
using HindIII (Boehringer Mannheim, Mannheim, Germany) followed by fractionation in 1% agarose (10 g per lane The third syndrome observed in the GMT mice was the development of non-lymphoid, primitive leukemias (n = 4). At Genentech, San Francisco, CA, USA) and recombinant murine IFN␥ (100 U/ml; Genentech). Adherent and non-adherent days 113 and 117, two animals were found to have morphologically undifferentiated leukemic cells in bone marrow, IGM36 stimulator cells were harvested (the former using a cell scraper; Costar, Cambridge, MA, USA), washed free of growth spleen and peripheral blood. H-TdR (2.5 Ci per well), cells were harvested onto Inotech glass fibre filter paper (Bartelt, Victoria, Australia) and amounts of incorporation determined using a gas phase digital autoradiograph ␤ counter.
Establishment of cell lines
A MoMLV-infected, female GMT mouse succumbed at 97 days with an atrophic thymus, nodular hepato-splenomegResults aly (spleen weight 0.73 g), bone marrow infiltration and leucocytosis of 31.3 × 10 9 /l. Cytological assessment of the promi-
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nent (30%) peripheral blood blast population revealed cells containing distinctive perinuclear granules, resembling those GMT mice and littermates were injected with MoMLV within 12 h of birth. The survival of MoMLV-infected animals is plotseen in promyelocytes. Histological examination confirmed primitive myeloid cells infiltrating spleen and bone marrow. ted in Figure 1a . Median survival in the GMT cohort was reached at approximately 100 days, whereas half the litImmunofluorescence staining and flow cytometric analysis confirmed a Mac-1-positive population of large cells in the termate cohort remained well at 250 days. The difference in survival was statistically significant between the two cohorts spleen (54%). Such cells were never observed in the peripheral blood or spleen of uninfected control GMT mice or (P Ͻ 0.0003) based on a pairwise comparison of the survival function.
37 For comparison, survival of a cohort of unmanipulMoMLV-infected littermate mice. The DGM36 cell line was obtained from the spleen of this animal. Spleen cells from the ated GMT mice is shown in Figure 1b . The perinatal injection of control supernatant from the 2 'non-producer' cell line other three leukemic animals could not be maintained beyond crisis. did not influence the survival of GMT mice. These uninfected control mice survived 171, 191, 221 and Ͼ250 days. PostSpleen cells were examined in suspension cultures with or without added growth factors. Cellular proliferation was mortem and histological examination confirmed the characteristic changes seen in GMT mice. Five non-transgenic litobserved in cultures stimulated by GM-CSF, IL-3 or spleen conditioned medium (SCM), whereas cells did not survive in termate mice injected with control 2 supernatant survived Ͼ250 days. medium lacking growth factor. Ten factor-dependent, clonal cell lines were obtained by cloning in agar. The characterizAll littermate mice developing illness (10 of 20) were found to have typical MoMLV-induced thymomas macroscopically ation of these cell lines was performed immediately after cell lines were established as well as at several later time-points. that were confirmed by histology and cell surface marker analysis. In contrast, GM-CSF transgenic animals succumbed
No substantial difference was detected at different time-points nor was an attempt made to change the phenotype by culture dendritic and Langerhans cells were not present in any of the cells examined. in different long-term stimuli other than those described below. On preliminary analysis all of these cell lines behaved
Characterization of DGM36 and IGM36 cells by immunofluorescence staining and flow cytometric analysis of surface in a similar fashion and a detailed analysis was therefore restricted to one representative factor-dependent cell line, markers is shown in Table 1 . Expression of Mac-1, F4/80, ckit and AA4.1 is consistent with both cell lines retaining a DGM36. After 295 days in continuous liquid culture stimulated by GM-CSF, a spontaneous factor-independent variant, primitive myeloid phenotype. In the case of several surface markers (eg AA4.1 and CD43), the factor-independent IGM36 IGM36, was identified and clonal cell lines established. cells exhibited relatively reduced expression compared to the original factor-dependent DGM36 cells. Surface markers characteristically present on erythroid (Ter-119), T lymphoid
Cytochemistry, ultrastructure and flow cytometry of cell lines
(CD3, CD4, CD8, TCR␣␤, TCR␥␦, IL-2R␣, thy 1.2) or B lymphoid (CD21, CD22, CD23, Class II MHC, BP-1, CD45RA, B7-1, B7-2) populations were not detected on either May-Grünwald-Giemsa-stained preparations of the DGM36 cell line revealed numerous mitotic figures, with the majority DGM36 or IGM36 cells. Moma-1, Sca-1 and Gr-1 markers, which can be expressed on myeloid cells, were also absent. of cells exhibiting an immature myeloid appearance. A conspicuous feature of DGM36 cells was perinuclear granulation.
Cell cycle analysis of DGM36 cells proliferating in response to GM-CSF revealed that 4.5% were in S phase, with 90% in These granulated cells were similar in appearance to the blast cells in the blood of the initial animal (Figure 2a) . Between 1 the G 0 /G 1 peak. and 8% of cells maintained in GM-CSF, IL-3 or M-CSF exhibited features of either macrophage (Figure 2a 27 Cells exhibited positive perinuclear staining for naphthol ASD chloroacetate DGM36 cells retained an absolute requirement for exogenous growth factors, as well as a non-linear relationship between esterase and myeloperoxidase, typically seen in promyelocytic and myelomonocytic leukemias (Figure 2,c and d) .
the number of cells cultured and colony number ('densitydependence') ( Figure 4a ). The growth factors M-CSF, GM-CSF, DGM36 cells did not stain with ␣-naphthyl acetate esterase (typically positive in monocytic leukemia), leukocyte acid IL-3 and IL-6 alone stimulated DGM36 colony formation (Figure 4b) . Neither SCF nor G-CSF induced clonogenic prophosphatase (monocytic and T cell leukemia), Alcian Blue (mast cells) or periodic acid Schiff (monocytic or lymphocytic liferation, although an increase in the number of IL-6-induced colonies was seen when DGM36 cells were co-stimulated leukemias, depending on pattern).
Transmission electron microscopy revealed that the cytowith SCF. Approximately 10-15% of cells gave rise to colonies following maximal stimulation with M-CSF, GM-CSF and plasm of 21 out of 500 (4.2%) DGM36 cells examined contained characteristic ovoid granules (Figure 3 ). These granules IL-3. Throughout the present experiments, the absolute factor dependency of DGM36 cells was confirmed by frequent exhibited an equatorial electron-dense crystalloid core which strongly resembled those seen exclusively in eosinophil analyses.
The morphology of colony types stimulated by growth facmyelocytes.
28,39 Birbeck granules which are characteristic of However, IL-5 neither stimulated colony formation nor synergised with other growth factors to enhance eosinophil differentiation (not shown). Megakaryocyte differentiation was not detected in colonies stimulated by any growth factors shown in Figure 4 . Colonies derived from IGM36 cells exhibited a compact morphology and contained predominantly blast cells regardless of the growth factor used. DGM36 cells were also examined for their ability to phagocytose latex microspheres. Of 300 cells scored, 189 (63%) ingested a median of six microspheres (range 3-45) per cell. In fact, 84% of cells engulfed one or more microspheres. Similar results were obtained using IGM36 cells (52% ingested a median of five microspheres).
Autocrine growth factor production and tumorigenicity
In total cytoplasmic RNA obtained from DGM36 cells, RNA for GM-CSF was demonstrated by RT-PCR (but not Northern
Figure 3
Transmission electron micrograph of DGM36 cytoplasm.
analysis). However, Northern and RT-PCR analyses failed to
Cells were maintained in GM-CSF for 7 days prior to electron detect mRNA for IL-3 (data not shown). Despite this, active microscopy. Arrows indicate granules containing a characteristic GM-CSF was not detected in bioassay of the conditioned equatorial band of dense crystalloid material seen in eosinophil medium from DGM36 cells (lower detection limit 100 pg/ml).
precursors. M, mitochondrion.
GM-CSF mRNA was also detected by RT-PCR in IGM36 cells. In contrast to the DGM36 cells, conditioned medium obtained from four separate clones of IGM36 cells revealed levels of tors was determined by cytochemical staining of fixed agar cultures. GM-CSF stimulated formation of granulocyte (2%), GM-CSF between 3.0 and 5.6 ng/ml. DGM36 cells (10 6 ) were injected subcutaneously, intramacrophage (3%), granulocyte-macrophage (2%) and blast (93%) cell colonies by DGM36 cells. Approximately 1-2% of venously or intraperitoneally into nude and scid mice. Ninetyfive percent of animals (18/19) developed transplanted leukecolonies stimulated by SCF and IL-6 exhibited the green staining with Luxol Fast Blue, characteristic of mature eosinophils. mias (Table 2) . A comparison of both the intravenous and subcutaneous routes of administration revealed that 10 6 DGM36 cells caused a more rapidly developing disease in scid than in nude mice. Titration of cell numbers injected into scid mice by the intravenous route demonstrated that a minimum of 10 5 cells was required to produce transplanted leukemia in the recipient.
Agar culture of clonogenic cells from 16 mice with transplanted leukemia (subcutaneous tumor or spleen) demonstrated that 13 (81%) contained factor-independent variant cells. However, the percentage of factor-independent clonogenic cells in transplanted leukemias varied from 14% to 67%. When 13 factor-independent colonies (each derived from a transplanted leukemia) were isolated from agar and propagated as cell lines, all produced GM-CSF. Filtered supernatants from DGM36 cultures induced thymomas in recipient newborn DBA/2 and BABL/c mice with a typical latency (data not shown). Thus, intact MoMLV was produced by DGM36 cells. Robertsonian translocation of chromosome 1 to unknown; lated cell population, TNF␣ and IFN␥ stimulated its increased expression approximately 10-fold (data not shown). partial deletion of chromosome 2; and translocation of chromosome 5 to unknown. Hence, the overall karyotype was Of particular note was expression of B7-1 and B7-2 which are natural ligands of CD28, an important co-stimulatory 39, X, −X, t(1;?)(ter→cen::→?), del(2)(cen→C1::G→ter); t(5:?) (cen→F:?→?). No significant differences in karyotype were receptor on T lymphocytes reviewed in Refs 43 and 44. B7-2 expression did not alter significantly in these experiments detected between DGM36 and IGM36 cells, thereby verifying that IGM36 cells were derived from DGM36 cells.
( Figure 6c ). In contrast, B7-1 expression was increased. Whereas a uniform increase in B7-1 expression occurred in Southern analysis of HindIII digested DNA from both DGM36 and IGM36 cells revealed eight independent MoMLV the adherent cells, there was a wide range of expression of B7-1 on the non-adherent population. This suggested a subintegration sites (Figure 5b ). This result further confirmed their relatedness and demonstrated lack of variation between the population of responding cells in which higher expression of B7-1 correlated with enhanced adherence. factor-dependent (DGM36) and factor-independent (IGM36) cell lines. Thus the acquisition of autocrine GM-CSF pro-
The ability of IGM36 cells to present antigen was assessed in mixed lymphocyte cultures (Table 3 ). Unstimulated IGM36 duction by IGM36 cells was not accounted for by alterations in MoMVL insertion sites. However, insertion of endogenous cells did not induce the proliferation of allogeneic responder cells above background. In contrast, preincubation with TNF␣ viral-like sequences, such as intracisternal-A particles, acting by direct promotion or enhancement has been shown to actiand IFN␥ facilitated the ability of IGM36 cells to present antigen. As few as 5500 preincubated IGM36 cells induced an vate expression of a number of genes in murine cells. [40] [41] [42] MLR response, and increased responses were seen with 1.6 × 10 4 and 5 × 10 4 cells after 4-6 days of incubation. In contrast, MLRs could not be induced with DGM36 cells as stimulators,
Induction of antigen presenting ability
either with or without prior incubation in TNF␣ and IFN␥ (n = 3 experiments). Thus these experiments demonstrated that, Following exposure to TNF␣ and IFN␥ for 2 days, IGM36 cells continued to proliferate with 20-25% becoming adherent to consistent with the morphological and surface phenotypic changes, IGM36 cells were capable of presenting antigen to plastic, compared to 1-3% in control cultures ( Figure 6 ). Significantly higher concentrations of TNF␣ and IFN␥ induced T lymphocytes. cell death (80% of cells non-viable). Analyses of changes in the physical and surface marker staining parameters are shown in Figure 6c . Compared to unstimulated cells, there Discussion was increased high-angle light scatter in both the non-adherent and adherent IGM36 populations (Figure 6c, SSC) , being
In this study, we have generated leukemias with dendritic cell potential that arose following MoMLV infection of GMT mice. more pronounced in the latter. Similarly, a relatively greater increase in class II MHC expression was seen in the adherent
We have shown that a factor-independent subline of multipotential, GM-CSF-dependent leukemic cells was capable of population compared to the non-adherent cells. Although class I MHC was demonstrated on at least 70% of the unstimuantigen presentation following stimulation. In addition, and perhaps somewhat surprisingly, this is the first example of expressing GM-CSF from either a retroviral vector or transgene. 20, 22 Indeed, GM-CSF transgenic mice were resistant to primary myeloid leukemias arising in the GMT mice.
the development of myeloid leukemia following 3.5 Gy whole body irradiation. 45 This unexpected result may be explained by more recent studies suggesting that GM-CSF over-
MoMLV-induced leukemia and DGM36 cell line
expression can stimulate a potent anti-tumor immune response, most likely mediated via activation of specialized Prior to the experiments described here, primary myeloid leukemia had not been detected in thousands of mice overantigen presenting cells.
One striking feature of GMT mice is excessive numbers of This hemizygous deletion potentially contains a previously unidentified tumor suppressor gene. Characterization of the activated peritoneal macrophages. 48 It has been well established by Wolff and coworkers 23, 49 that chronic inflammation, MoMLV genomic insertion sites may provide insight into the mechanism(s) of leukemic transformation. typically generated by intraperitoneal pristane injection, is essential for the development of MoMLV-induced acute myeloid leukemia in the DBA/2 and BABL/c mouse strains. Therefore, we reasoned that myeloid leukemia might be
Dendritic cell features of IGM36 cells
induced following retroviral mutagenesis of GMT mice. In their model, MoMLV was integrated within the 5Ј region of
The evidence presented in Figure 6 and Table 3 demonstrated that IGM36 cells were capable of antigen presentation followthe c-myb oncogene leading to N-terminal truncated Myb protein in almost all promonocytic leukemias characing stimulation by TNF␣ and IFN␥. 65 The surface phenotype and ability of unstimulated cells to ingest latex microspheres terized.
50,51 However, we did not observe the same gag-myb fusion mRNA in RT-PCR analysis of DGM36 cells (data not suggested that IGM36 cells behaved as phagocytic cells. Interestingly, it has been shown that GM-CSF-induced dendritic shown). In our experiments, myeloid or undifferentiated leukemias developed in four of 19 retrovirally infected GMT mice cell progenitors are able to ingest particles prior to acquiring characteristic dendritic functions and surface markers. [66] [67] [68] but none of 20 littermate mice similarly infected. This system may therefore be used to dissect the immunomodulating GM-CSF is likely to have been critically important in facilitating the antigen presentation function of IGM36 cells, as preeffects of high GM-CSF levels on tumor development.
DGM36 cells exhibited many features of immortalized proviously documented in primary murine and human cells.
69-71
Indeed, it is now recognized that granulocytes, macrophages genitor cells with neutrophil, macrophage and eosinophil lineage potentialities. Neutrophil and macrophage features were and dendritic cells share a common progenitor cell that is GM-CSF responsive and class II MHC negative. 72, 73 Hence, evidenced by: (1) morphological and cytochemical analyses ( Figure 2) ; (2) immunofluorescence staining (Table 1) ; induced IGM36 cells display many features of a bona fide immortalized dendritic cell precursor -while exhibiting factor (3) colony morphology ( Figure 4 and text); (4) phagocytosis; and (5) karyotypic changes typical of myeloid leukemias independence due to autocrine production of GM-CSF. Recently, several studies have addressed the distinct roles (Figure 5a, see below) . Characteristic eosinophil features included: ultrastructural cytoplasmic granules ( Figure 3) ; 39 of different costimulatory molecules in determining T helper cell differentiation. 44 ,74,75 B7-1 and B7-2 may be present on and Luxol Fast Blue staining of colonies. 52 The existence of a tripotential progenitor is consistent with current models of the surface of activated B cells, T cells, IFN␥-stimulated macrophages, and dendritic cells. They both function as hemopoietic stem cell lineage commitment. 53 In fact, the specific combination of neutrophil, macrophage and eosinophil ligands for CD28 to costimulate the proliferation and activation of T cells. 76 B7-1 expression on IGM36 cells was potentiality has been occasionally noted in primary murine bone marrow progenitors. [54] [55] [56] [57] Interestingly, the HL-60 cell induced consequent to TNF␣ and IFN␥ stimulation, whereas B7-2 expression did not alter (Figure 6c ). In a study in which line (from a patient with acute myeloid leukemia M2) also exhibits the same tripotentiality as DGM36 cells. [58] [59] [60] peritoneal macrophages were obtained from mice primed with Con A, the pattern of increased B7-1 expression was As with other experimental models of leukemia, the development of tumors in mice receiving DGM36 cells was assosimilar to that seen in IGM36 cells. 77 Stimulation of primary human monocytes and the human U937 monoblastic leuciated with the development of factor-independent DGM36 variants ( Table 2 ). In the majority of tumors analyzed, factor kemia cell line with IFN␥ also leads to increased B7-1 expression. 76, 78 In contrast, two other groups have demonindependence appeared to have been achieved by autocrine GM-CSF production. Results obtained from this system supstrated differential up-regulation of B7-2 and down-regulation of B7-1 consequent to IFN␥ stimulation in peritoneal macroport our earlier observations in which irradiated syngeneic or GMT mice received factor-dependent, FDC-P1 cells. 24, 61 phages and splenic dendritic cells. 79, 80 The conclusion common to each of these studies is that B7-1 and B7-2 are different Although GM-CSF mRNA could be detected by RT-PCR in DGM36 cells, GM-CSF activity was not detected in conin their temporal pattern of expression despite responding to the same stimulus. Since few cell lines have been shown to ditioned medium of these factor-dependent cells. Earlier experiments have shown that primary GMT peritoneal macropresent antigen in vitro, 78, 81 this model may prove to be a useful resource through which B7-1 and B7-2 regulation may phages are both a source of, and target for, GM-CSF activity.
19, 48 Despite this, they exhibit no capacity for autonbe analyzed. Indeed, further examination of this experimental system may provide valuable insights into antigen presenomous proliferation. As such, DGM36 cells may represent an immortalized counterpart of a normal cell present in GMT tation, and the role of GM-CSF in leukemia induction. mice. DGM36 cells proliferated in a density-dependent manner during the first 15 culture passages (Figure 4a ). However, later passages exhibited a linear relationship between the Acknowledgements number of cells cultured and the number of colonies developing in the presence of GM-CSF (not shown).
We are indebted to Ms Rosemary R van Driel and Mr Adrian Warmington for electron microscopy, and Drs Melissa A The behavior of early passage DGM36 cells suggested the presence of cell-cell interactions that were not further Brown, Wendy D Cook, Nicholas M Gough, Alan Harris, Ygal Haupt, Chung-Leung Li and Gabriele Suess for generous gifts characterized.
The karyotypic abnormalities identified in DGM36 and of reagents and advice. 
